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Land degradation, caused by natural process or human activities, negatively affects the
functioning of the ecosystem. Moreover, land subsidence due to excessive exploitation
of groundwater, is a sign of land degradation. The aim of the present study is to
investigate the numerical impact of land subsidence on land degradation in 11
watersheds using the original IMDPA model and the developed model called
IMDPAS. For this purpose, the land subsidence database obtained in 2017 was
classified for the first time using related images. Then, the information layer of
quantitative and qualitative groundwater parameters, including the level of depletion,
electrical conductivity, and sodium absorption ratio was classified. By combining all
the parameters, the final land degradation severity map was concluded. Comparing the
classification of land degradation in the two models indicated a 42% increase in land
degradation severity class, with 37% falling into the moderate to severe category. This
highlights the importance of changes in classification for each case. Finally, with
regard to the model under study, and given the lack of a reference for the subsidence
rate criterion, it is suggested that the final classification for the whole of Iran be
completed through ongoing monitoring.
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1. The United Nations Convention to Combat Desertification (UNCCD)
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1. The United Nations Environment Programme- The Food and Agriculture Organization (UNEP-FAO)
2. The Global Assessment of Soil Degradation (GIASOD)

3. The Mediterranean desertification and land use (MEDALUS)

4. Land Degradation Assessment in Drylands (LADA)

5. Iranian Classification of Desertification (ICD)

6. Modified Classification of Desertification (MICD)

7. Iranian Model of Desertification Potential Assessment (IMDPA)



rey O1R0 g (oo | Ol AP 1 o] 892 035l 43 o Conciiig 8 7 i ylero (655 p iy b (o j o ety (G0 (S Sy

N%é},ﬂs}oﬁsoésm

FYS g a3 dopd judul ddge Ve oS5 oy soul dogs 5 4 yeiS S e wlide 0 O wlie Sladllae by sl (¢lp
Y USS p a ploal ol (658 50 M 5l Bi9 035L 13 L5 3590 (slaodld b Clalllas el 0sds i Slalllae B3gace
ol oa 031y L5 o SlWlae (slaodgisme Cusbge g dnlllae 3590 il (claddgs Curdge

Oyl 3ouiS 35 (A1 3091 B3 033 bl i Cunlge ) JSW

S 51l 9 g
sskite .85 )15 Ly 250 ol Sl g 55 gy oled & Candigd il lbodgiome A5 &) g e da
» adate Sy )bl pgad 93 sl dulie b gy ol )3 8 oliul 6yl (e B ) I g b (sw)
35b15 51 iy pglaite cndy 298 00 dnloe LB a3 3)50 (Sloj 81k 5> (e aw Slpe gy Bl il lej 9
3 byl 3959 w9 €U.COPErNiCUS.SCIhUD colw 1 osliul b oyl 315 500 856 035b 53 adly (slmodgame ysglias
S i b dusleo yolaie & a0l 53 (YVF VY (olSod 5 cpilolac) 35 e plol Lol ENVI8,) 158l 5
D9y b odlatnl oladls £y Gl dusbre Cua (VV) pgaulijlis b eSS SLC cunjd b by Jistir poglas
dd sslate 4 lalen p oddcual ()bl sbrosiodis jl oadad) S SAR polai <o 5 ln (o89) )by (A3l
(Y AYLY (han g cpibles) ol Bun 8 > Cus g s 55 oo g Slyed g (ol (ol claadds
P e (o) e )3 (ploale 95 1 g 090 o0 4B)S (e o I lrale dbml | g e SAR gl 9

Dgud oo 005w dlold
g ool lojlu I YYAY B Y-Y/eA Sloj ;L ;0 SLC g4 5l -Sentinel A V= jy0m5 93 pils gl )
addllas dj90 sdSes > Canidgyd polal den luul GEOLITF cuoyd b polas 131 51 o ad 48 )T Sume bS]
b (o 859 ) b o 3o pl Ao 03L )3 g 4B lo pslai b ladpe s o> dsbl 3 0508 Soljge (w9 42)LSS

Che o cupd YL L il cppiee 0w g BB IS Cundig b sleodly oadiSolige paal l edlaisl
A (g AdwNS



\f.¥ 9o S)Lo.{b ‘w.bé).)Lw 3)30 0 j g ‘)4:.)[0’— FsA

OiRg 3 ol B (g (I Syilows 9.Y IS

s Sy (s Aaleg 4t pskale 4 55 WA WYRE loj 831 )3 ineje ol 15 Sl slaodls oyizmon
laodly 390 4 dngi b O cuaS (clmodls b bls,) jo s 38 g5 @)ljg 5l adlllas 390 (clacuds 539050 1> o)y ol
S Oldlae cgs WAV 2 WYAY (o)l 595 (claodly Jlob Slllae (slaodgiome don j> VWAD - WWAF Jlo 5 3
2 ol> 03> OYAF 5 FYYA (i 5 &y S g0omo )0 a0 i (&S g (oS (slaodld )y Aol ol 8,3 1,8 eolatul 5)50
Taw 3 (o5 sodly d)lSy by pie > 4 Cul (8wl 4B)S 13 oy 3j90 Slllae slaase S
D99y S Slows & S s olisl (3T L LT gmmen ole plo 5l easdl Jlo g ole 3 aulllas 3540 suul (cladsges
A3 (o Ui |y GimoRy cnl ) Baod

Lodls Jukowiga 2
UM
g bl (e g adlllae G &) o5 b pghaio cpds 0 o3l IMDPA &L Jao ) oy o 55 b b)) sl
Jaxo )l ol el Gl cnl )3 ol (S 250 Q] g b £ g (eoins 2l slajline yed 5> e
colsl Gl g oad S lai y oadoly Jaa jleolinal b rejp )58 ad duslee )3 f5e Jale lyis dp Gy f
@ Jdo pb g b £33 slne (139381 L g €85 plonil 35250 (slaodly L )l (et sl g d £ sline A S
2 5o Al claiasls o lajlas Jold ingh cnl e Ligy IS Kles ) JS5 A5 o3l3 s IMDPAS
S o i 1y Sldllas slaodgise sl bl

(SAR) pados sl i 9 (EC) (Sl olam pojs o cl padld aw J) (hpojns o Jino oy g
Sy bawgio Cdl duwle Caa ol Cand 4 Slalie 9 (g ytegim slaols 5l odlitnl b jadls cpl (claosls b ool
2 e YL cdale jlad oLl sl ey cn sl (adls cpl ed e dnule (V dlall)) mjste 5 manlS slogeslS
sl Ol gl
SAR= [Na] (((((( [ca] ~+#2)+ [Mg] ~(+2))/2) () aal,



129 O1R0 g (oo | Ol AP 1 o] 892 035l 43 o Conciiig 8 7 i ylero (655 p iy b (o j o ety (G0 (S Sy

wilyanmsgs 5 ol J3o 3 liolile 3 2 g0 e Commiin b E 0 5 oty O Sloro 3] SBLASLE Y Jgaa

KRV s KVRW L gio s i) pas i
50 < 50-30 3020 20> iy o <l
32< 32-26 26-18 18> (SAR) oo ok cana
EC S colas
5000 < 5000-2250  2250-750 750> ( )u_i;),SJ -
(o s8lo g (1909,540)
< -3--590 -15--299 149 (Juo y o s5le) Caniip £y

A8 gy 0 03900 o5y ad jliel g e Cundigyd F o polie Al ) Jgds 5l eolatwl b caols] )
9 sbre yo CuaS BaBO LS &S Hlre 93 il Al Auwle ey b and (asll cpl (elel g e o 55 A
Cows & ¥ Ay obol p 0n8ol (lajhns (wdin (:Ske 31 liobly Candy ol & sl lioble 3 lagl xSt
Al e
(DM= [(GWIXSRI)] ~(1/2) (¥ alal,
o oMY Jgdo .ol linbly Jxd candg &id DM g cuiigb &5 shxe SRI ¢ inejpj o jhxe GWI o 5 oS
o )PSO oy Cgd Canl (285 > o LS |y IMDPAS e 13 bajlse Cundg bl sl easids] slaysg g
ool 2 adlllas )50 dilato )3 ojline ol s (23l (o) Canaig ) ¢35 9 Ol Jlome ) oolizal b 5ol 855 55 (05 pe
A ploal o yiwd 53 sleosly g IMDPAS &idlaswss Jao s IMDPA i 4o

aBlarwgi g (ol Jio )3 2l50ble O G WS Slb Y Jgsa

IMDPA Jao 43 jliel &l IMDPAS Juw ,d jliel als  aljoble ©als oM ),

AR =/ oS )
Vo Y/ V- V/aa Lawgie v
v/o —¥/¥a ¥ —Y/Aa 445 Y

Yo—¥ Y—¥ 45 b ¥

iy 5 dBbdrwgs Jdo Y 5 IMDPA Lol Juo .V il edlatol b cpoj o o y58 uds Cpond (gly 90 jlaw 93 cdaldl )
a4y g5 L ol (35 D (el (o) Ol g o) Camein B £ e Sl 03atl L (e 55 Sk g 3
W8S Oygo (pejyw B8 O O Slamalie Juo pa )3 (V Jgde) pasuie

o g 3 Al

Ll §1 Sy 9 30 (bl (2 Curdg L)

o) Cummind g 93 ylao

sl o> 035b )0 @y yieghS Sl VYoo V/OF bl Sldlas 53gae Be e Egemme | 03g9a5e VAV dlass ol Lis ol
Aio ¥ S 4 asgi b oyld 092 LmOT 2 Caundidgyd F 3 Hlre 2yl el g Canl o) Canidinyd 50 addllas 3)50
8L &S sl Jb jo cpl il e lo VF/D 9 VO/D Jolre a5 & D)t g Sad dab > sladses > Condigyd
).‘5‘» ).«AL;JL» AL o;ol#w 9 u9] )495 BV R ) uL.w ‘) ).wda‘.w q juu.MUJ 99))‘ 9 cul))yo)l> ‘LS)f)“" )ﬁ}f dbbw?



\f.¥ 9o S)Lmi'a ‘,,bo}sm 3)30 0 j g ‘)&;Lor ry.

S azb o
I
3 am lf I
g: &9
§ bl pnilyo lays  m—
go —_——
5 Sy 0g iniuy -
©ol yof -
Ol —g8pl s |

0.0 10.0 20.0 30.0 40.0

o lawo wuo 0

Oloslw 1 oawids ! pgbad L IYAD Jlw (odld U dad yo andllae 590 3l (S04 13 Curnmniiinpd Covlmo duoyd .Y JSW
W 52 0l Gades SSE &) )9l pwlindine

Colue gy (P USS) w300 (Ui 55 Cunitin b 5 sk b ligbly ©d dlise Glib iy
Ol (pimed Casl 0391 @pe yaghS VR VY0 Cip 4 Plae (65550 2gS Bjg> ) kb Jlar 5 M NS
dogi b &S ol @ipe ol VYYS o WOY iy & Jolee Sad dolijn 3595 )0 lawgio 5 o5 sla oS clacolus
Connin B &5 Ay D9yl 9 Sd Gl yd slaojg cal 53 A b (8Dl g g B L apalse (2l (SiS1y 5
9 pu5lyd (658 p0 1oS 30 (F) M jlows ML )] Colue (it o5 Jbs > il atsld 355 3 1, VY0 o jo
sl S g oy BB Caniig b g S polit & Caglyl sty (p2ly] ) s (al oo

2000.0 175278

12255 m<1.5m1.53m3-6 =>6,35 »

ul |‘ [ |
3,

\PJ-'- R 3 Q?-?g u\r,‘"i 9;“% k_{,‘i é;vd 3.? v
el b}) 5{? ué 0
; ot .

5 - v
sl e i

oyl Bades SSH 4 Tl Bguse J5 0 Cuanmiiigyd (G WIS Coluno F UK

709.3

oo lal-
w3

‘-ﬂ Il o | - mE I
S 1

[t
37

oyt (BAses SIS a Flalllae 5390 JS 13 Comniigpd & o5 oy ) panr ot y50 Lo (Gutadigd] O JSS



rv) O1R0 g (oo | Ol AP 1 o] 892 035l 43 o Conciiig 8 7 i ylero (655 p iy b (o j o ety (G0 (S Sy

o3 T sl
w03 T oS
005 Gy B glias &S AYAD AR T Sl oo o )3 (o ol €l (ot L (oo oo 058 Joilly Cumdg (o)
390 syl Sladsg degeme ;D 03gae ¥V ol 4y dogi b (5 JS3) ol @8l)) (o5 e b6 zobs cunl comlizo o b
2 yio Bl Be=Ye 5 Vo< Lol (gam Cladbs > zuls copizmed W)l J13 Jlo jd e e A+ 5l YL S s dslllas
3 o il YooV e oS 53 boyd A Jolee Ol il line o508 ol 50 8,5 )18 Jod Yo 9V iy 4 Jolee Jlo
sl oS0k 295" 9 (G35 o 295 WD s IS )3 Wodgaie (n Fiml 9 VL el 2 9 el Sl

0 AV ianis o il S 3 adlan 30 55 latsin S 5 o O 5 S5 53 ol & 4o b
255 859> ¥ (weing ol Sl o Colus Sl e yroglsS J5m WYY ggame I opizan iyl 8 Sl 5 e il
Qo> el (e o laid] 3 4 |y bicolue Jopd YL (VF) byseils 5 (V) S dabyd (YY) 68y
5 b Slidb Mo YL & amd o Ui e ol cdl asls Jate 51 ol ble cus dlise Glib colue
S5 9 Sl dalyd G 4 bawgie 5 o5 Clib )3l 1o TV 5 VA i 4 Plee (65550 55 0 D S
Lad o olaidl v 4 1y colus ggeome jl o d YV Jolee

35 35
30 27 l'l’.>~f
" 25 e V. h*S-"’ =
j‘ 0T Qi 18
3 20 0 <hschar g~
'} 15
“ 10
5
0 o 2 0 =

SR 3 3 33 5
gt & 4 £ % 9 T

axdlbae 5,90 39 01 (00395 45 g0y s T Sl ko 5 o s et 35T Il (SIS Cls & JSWS

oSS Coln 5L

A1 50w i (SopSI colin jasly Jlate ) adlls 3)50 (slagypl Ao (yeejpm o 58 Db Slib )y
Sl 3 @ittt 1 nl 3y L ayls 1B 4l (s g nad sla oM 3 o 58 ddllas 3)90 5] (sladsss Sl
Cuol o 51 (S zuls aebl o cwl saalin LB 50 o ud WS o> g bhwsie clls o alyd oy Jled 9 Jlou
s ST 3 cpizron W) )18 LAd Hlas U oS oM 0 i 4 1o )3 YY 5 FF YA A Jlalllas 3900 JS 0 &S
¥ (S ol (g p colue Sl @pe yioghS )50 MO ggeme Sl itan o plo jlids o) 2587 9 (555 0 25 A
il 35 41y lacolun 4 (Wl (1) g3 5 d1+) ol IA) Kb dole {TF) 555 s S
sl slaases SSE 4 (S Sl colin asli Jate I ol50ble @us cilisee Glib ol Juoyd waldl )3 aims o
oS Jop> lep b jliiy (AVF) pomlys 255 5 (AVR) (65550 3255 b s oM ) @l & d295 b s oo LS )
ol (Z7Y) plygeile 5 (AVA) Sod dalyd (YY) gyloe ) Colus cpyidin ool 4 0 g caugio oS (IS )



\f.¥ 9o S)Lmi'a ‘,,bo}sm 3)30 0 j g ‘)&.:Lor ryr

35.0

31
30.0 HYo.> G—r 29 ﬁ
HYyo-—Yo- lawgin ?ft
250 WoeeoYYor Bl |
by » . | |
Yoo 00 s < i gh> {;
16 |
-Lsn %
10.0 %
i
L B J
K $
SN INC I I R g
AT o P %'? 3
£ 4 %

el Slaagn SIS & (S0 A Clan e 1 bl S il Sl Gl 2003 Y S5

Pl (> Comd 2l Tl

Sioyd e amd o U e (gl G (eSS laie | adllas 550 500l (sladd g () 58 S5 Sl gy
dog> 53 03gd5me 93 S g (s WS (3 o s /05 clawgio (WMST 13 Mo > AD (oS (WS 3 Jlalllas B3gaze IS
MoV ipS WS > Sldllas 8dgaze S 5 doyd A (puizron W) )18 (golue b jlas (WM )0 lpl (53S0 S
0l )y Colue 5l mpe yoghS i Ve goasme jleps )l 58 Lud WS > dopd /05 dawgie WIS
5 4 1y acolun 5o (VL (10) Glogaile 5 d¥+) Sai dolys {F2) (5550 w55 Bipo¥ e ol Conn
5 05 S M o pired Cuwl 0ld 00> (65550 oS bie> O Wb M Moy Voo (A S) Kad o olais]
sl gpdey 35 p0 pgS o lawgie

100 100

| ] \A>Nf
B YS_)A fasgio

PY-YS sy zj
0 o L - | - [ | - | | | .I

9 F XY 3 333 g ST
Q,”?éﬁ),ﬂ, 737 Q/}y Qg'? \_?3 e))a 9(33 3\}4 QJ’T

AR

350 (BAS g S ) praw s Cumd jlke 31 a0y 58 o i Sl Conlune dwo p3 A JSUS

50

IS A Loy
(9]
o

Adargi g kol Juo b (oimo ) 1) T @lio g (w0 ) Cammiig 39 Juro Gudli b (owo ) v o 3505 (1 3

2 iy oS b adlhae )00 saade> S50 W3 e U (e )5S Cumdy L)l A JSB 4 a2y L
Sl ) ey 055 il baalpd )3 s (s oM ol cpl 32 00,5 (0 518 0d g dawgie o8 Sl oS
IS5l oy A aad o LS e oy G Slab 5 S wyy deldl j3 0)l6 259 VRO Jlw glaedls L gl
B Ll gl debl ;3 .5)ld J1y8 wads WS )3 o )d A g cawgie WS )0 Mo D AY (oS WS > Slelllas bdgue
sl lbdsys SSE 4 gwojp; ol 9 Cumiigyd Fp lajlae yate 51 ol50blo ©ud diliste Glib Colus oy
2 opl il mipe ioghST YF) 9 VYA (i 4y Jolee Sad ol yd 559> )0 lawgio 5 o8 (WS Coluw oy i oS
Sl P9398 dsgs (wlel (pl il mye jioglS FOF So5 g5 ddgs o wad (NS Colue (pyuin o cwl Jb
sl (0500 55 A5 2305 Sl IS s (s SIS G B €5 5 (o) oo Slate



rvr O1R0 g (oo | Ol AP 1 o] 892 035l 43 o Conciiig 8 7 i ylero (655 p iy b (o j o ety (G0 (S Sy

90.0
80.0 781 R R
200 Y143 = 110 Lagia 67.3
00 WA LT
-%500 28.1
Moo
30.0
20.0
10.0
0.0 i lem i _ |
W3 . 3 '
__-’n?;}"?) 7*,;”.-/57 t;?w 57 %é a-'f'%é >3 31_% faé ;f% ,‘.ﬁv

SLadgs SUSE &) (dwojj Dl g Comnliig B & 5 Sl lane Jlaie I (o paw (55 e e Ol (w03 Conlus A JSUS
IMDPA Juo 3 a3lisw! b ju5u]

b bowgio oS )3 oyl 395 0d3L JS 5l o pd AV (55 4 Jhai ) (ogrliw 1 sdelcundt mls 4 asg b

Skl b ey 55 OB b Canndin 3 £ b)) 5 s o pd 340 o b el 3 ol Jae gunadlo
Eab S oy Ve US) +IA s s b IMDPAS b |y atblidnugs o IMDPA Lol Jia o6yes s,
uT Hhze Hlaio 5l Oy 50 Gl EWS] 3.43 Y L;y)l.«.w 3 g g0 &, Y L;y)t.w 51 eslawl b R i pw )50
siodab lacglas 4 cdply ygo IMDPAS pb b didbdswg Jio (wll p 205liel b o) Condin g o (dusjy)

ol o 03l LI Y Jgda 30 e 93 ol (el p oy s S

IMDPAS 5 (Lol Juto (s5linius (250 505 (s, 51 03kl b cpmo pos ot y565 G by Cannnsliin y3 &3 bl Y o S

Opeip 058 O adlllas )90 (Srddg JS 53 M3 oo (LIS (e BT Cundy L)l ) S 4 dagi L
Ny Sldllas B3gae ISl oy OF copicman )00 3959 VYA Jlo slrodls LY gyl iler ¥ (g9l
buwgio (WS 4 Glaie Colue oy yidas (Cuol @y yoglS FF Jolee Sad dal)d dsgs > 2,5 -yl 00 83900 | iy
Ao Wb S Colue cpyin & Cwl Jb o pl Cul @y 5ol VAYA Joleo Sad d5bjd j0 &S cul
Oy S Candind 5 5 iy ol St G634 Ades el nl el @ipe jaglS WNE g3l
NG RS SO TN W I PR W I T YW (L STCIEN S



VPeY (090 8 yloss o 3L 8598 o iuslo/ rye

120.0
98.7
100.0 PTaRe
80.0 B 391 fawgin
BYAal-rob)
‘1} 600 33.8
: 38.9
40.0 5%3
i
20.0 Iu.s |
0.0 - I - . - = g% _g:fif I -
o v £ § \9
35 & EINE RN 7°
'f? y; ; IS N 4 % % '? 3
-\3‘1 '?’ ué sz:ff

31 oMl b (w5 o g Commslin 8 &5 (S jlino yliia 51 il Sbadgn Bad 43 (10 a2 55 ool Ol VY UK
(Y S92 Uw) IMDPAS Jao sainaib

-

Lol Gimgh )0 abaswss 9 Juol IMDPA Juao 43 il odliiwol by oy Gl g Jually (o 4o aoldl
(3l o Gla s (S8 gl (laadls) ieins Gl g owe) Camdind 55 slojline (655 ki
ol Jio g oo Jdo 90 3l oolaiiw] b Canniiigyd sl sble )3 sndduulne sl oM gl duolde b adlyy
b g WS Olyuss to)d Y JSS 4 asg b cd)S Oee (Y 9 ) s9o)liw) IMDPAS wilaswy s IMDPA
Qo )d OA peiomed (Cuwl 00w yo i WS (gdo D FY ]38l 4 e aiBlidswsd el eolaiiol by puo oy
Slazsly WM yialS 55 do )y p)liacSs I S oS Jb s ailosile 8L S S s sble

003
" ! "
tugio 4
| Cﬁ-?lj
st

£

.‘_’Aﬁ QJa.ay.o

WBldrwgi 9 ol Joo 1 00wl b Cunnidgpd (61,15 dblio 3 cpo o ot y505 Lol G WIS puntd Cinlno duoyd VY S
$dLdrwgi g (ol Joo 51 03wl b Canniiig y8 (51,15 Bl 13 (yro ) pw g 350 i (S WS ot Ol o Cnlmo o yd

2 s Colus dopd (pyide A5 (pdy) (Gl S (65 layd (i) oS Slyesd S i pp b asbl
el 203 B 5 YV iy & Polee Lasgio o8 (oal8l 5 000 ) bawgle ((2lj31 NS
Wog YUY Dleo 63550 255 9 (S99 el dal)d 5 (Bl Clpussd oyt 303 00 (U W S8 (i
bl adlbaswgs Jao 5l ool b Ko dalyd 8590 10 Camdigyd ghyb bl jl as ) ¥F S0 @)le 4 .ol o)
Oeip 058 Gl G S sl G99 Cumnl BABIGUES E9d90 (] WBAD (390 p0 0 )3T G WIS ol 8]
258 sl g0 il Aawly 4 eej 0 Sl wlis > (ogada Jhometun ol glace,5S & g b



rve O1R0 g (oo | Ol AP 1 o] 892 035l 43 o Conciiig 8 7 i ylero (655 p iy b (o j o ety (G0 (S Sy

Colue o) ¥ Jolee gl 5 ¢pgBoyd wgytutw (laojes .Cunl Juoyd +/F Jolee b pw (558 0) o o3l Ol colie
d2b)d 9550 2g5 ohilee 20l 295 lmojor ) LS (e 0 35 Ll IS el el (oljdl s
Y JSKS) canl )55 BB S

T
S €
slys S

Dl — Oy — L2l

39y

Ol o — 8 ] B -6 sals Sol 38
0.0 100 20.0 30.0 400 500 60.0 70.0 80.0

9 ol Jo 51 03l b Connidg 8 (415 bl 43 (a0 pw g 50 s (S WS undS Conlns o yd Ayl I Y JSUS
sl S0 SUSE &) wBlyanugd

@l s 9 bl colus clado)d (VL (ljsejls 5 (553955 «Sad d2lyd (535 0 255 oo e(ypimen
09 1y 265 Caniigyd  Alg Colue joyd A dgas yxl)d g pgBo,d Loly i o yd VW 5 Y FF YV Joleo iy
(Y USCS) lacsly joss 9 1) 095 Colue jlaoyd ¥ s bojes (S lansly yuss

(7A8) ZS-0l0 w4 b g dawgle o8 1 ok G Colue wop pyide @ 4 gL
Lol o 0033 7,8 =yl 5 83game ;5 LS o 4 bhwgie idlS (oM Colue .l (YA) (6550 o (£10,YD) Cé e
o5 ol Bl oS Colus do s (il (DY) lxiand) )3 bawsgio &y ad (dalS oIS Colus o) o iy
ol (SAF) dguie g /VF) (655w 7 +) 255 —0lytd )0 oy 4 Bdd 4 oS 9 wbodd & bawgie dawgie 4

G35 yp 4 3 oy Sllae wils Sl lasye (5555 )3 Ol Jlas slaasls o Jlgls il 4 g L
Uzuner et al., 2020) wlausls o)lil SB ()60 ¢ o maw cdl (23U uwejp; ol 9 SB clajlao b puojpw
Owe 3l ookl pae Corge 4T 31 Dgn g (69 g (o oS e (8ldlize g e LU, (bl pl (Ve YA
4 ulg e SB )98 & Casl Oypo cal 4 2lioble g g s)sd o B 29d e gl 0 ) g g5l
Slgs oo Canniiig b ¢ Syb 3l 0gd oo LS e Chmdl 4 g A5 Jas LS Wb, saiSdgaoe Jole Sl
5 (Dinar et al., 2021: 14) xS w5 |y S (g)g dm ) g 395 SB 3 Sid g wejp) ol pdow LialS cogo
S bl coS Jds @ glalS uds alls e bl Cundig)d 5 S (6)98 xSl lioble coles
Olyse oplplo ((Kosmas & Kairis, 2017: 240) ai aalgs sble s Sbly Lilibl g alS (e ials & e

slacusly S 4 coles )3 45 298 jbols slagpme) cuisS GEalS y Lokl & e Slge ejp; o il
Loetal., ) jigml o 4l siilom 395 0 (300) Camadin b & yoxio 9 JB (iwoj0) slopyjre oy o] 5l gy
Ohlen 5 ule) cusaale (Zalibekov et al., 2019: 80) i 31 (Anjum et al., 2010: 1205) ksl (2022
Ll 0303 $9) (V' AF) ¢O|)1§A.m 9 L;at»J9)) uLByo Cudd 9 c(\A' ¥ ‘O‘)K.o@ 9 uJJuHJlA.C) 39)>L’> c(Y\\c ¥



\f.¥ 9o S)Lo.{b ‘w.bé).)Lw 3)30 0 j g ‘)4:.)[0’— rvs

e golie oyl 58y Cand g i basme (g Mt 4 Wil o STB g O wlio 51 ILLL o)1 0 00 coles 5
&l g bpiuwsST Cunsg g S SaS bossy (pl Hials 4 wlgs o ol )b ealil ¢ o &l calio o yydo g
i dgut0 |y (oo

Spdpdgi (lals a9 S pletle pligdl g ow) laadsls (SaSly > 655 8 SB et Glie
5l dlge ol B mades S5 4 ey Slalllas oppizmen )0 liobls B9y Caled 3 5 (VP4 @ipler 5 &5 0ke)
sl Limgh slbasl L oS (Khanamani et al., 2017:9) wo)S o)lil 35 olioble L) (il p b plo
Db Slgren

(oh)en g by FO YAV () Ko 5 sls)) 2L idg Jlg; dwled dles | o edaxie LYY fyiey Oldllas
1Bl e (njpw 055 ABled ) 35 |y (e Cunig B

Uy LSJ%U ‘el/\a w)Du cu] Sy cu] éJL.A .)9.4)5 Cygo & Cpo )y w)Do 0 Gy ]aw )I cblos olf.kg‘.) )1
S o dilain > elairl oolaidl sl il & oxie )l 935 b el (slajg) (I g 3l Gl d LA (alS
O e 55 586 oo elanl oolatil cboille b blo)l 3 glie jgp0 (Y00 DYV (ollSen 5 (2l5))
g e sy ;b Cod dmug S ) glaygiS 3 bty daele pi8 cppipdican 5 o 2] e
Long et al., ) Laub wlo 4 bl cuiime (Sly 3 1) cde flgie a5 9515 )13 yiejpmw coy55 g b @l blke
g0) 428 sl (453l sloie) 5 i Sl glie dguaiie o (20151 57

ol g b claSsd il o 20l008 slaodlgls o ol qolsn @Blasog g anwg Jb 50 (glayedS )
Gl 4 Sples 5 G bl GRIBI & oo Baas Gblie nl 53 (e 50 5 B> 5ty gl L3k
$59uS Segld oS )3 (6)58 (S ey <y (FANVA () 5 (Bguall) 390 (ato (sl
Bl po 2 G35 9 WSS 5 s Bblie 4 Glolivg) 8318 Cples cage g Cunl (2liE dlge Canid 1381
Eneji et al., 2015: ) 54 o0 o S ¢ ¢ S0 dlge «ol ¢ 515 (ol yo 08l > ¢ 65,0liS (sla o) Ao 39390 o
Ol g ol g e ored oSl 83)mS (LBlgy 4 paxie b 4 (pliwg) 83,08 O 2 lke (oinen (239
(Danladi & Ray, 2014: 101) cul o 00551y (sbolScogSs g (6 4yl pud (slaalco

ey lyr glaine; g ool b (Bymo pols imgy 5> sl Allan o)y o 55 A A8 el ol
oadls I S o s s o Gl o5 e bele s alpen dauly 4 o] (258 5l (Sl g ilato
Col 28 03 oo i)l adlate > (LB Gliase 5 )8 Bl e 1) (e 59 )l 2l G o) 2 S
ool o pie il Slylas 3590 53 38 Canliw § B8 S puenas (BT Cogi aojpw oy il Lol Gua
Lukic et al., ) Gl u.:l)>‘ lehdvo‘u); d‘): lb&u}%‘ uz..uu LS‘)’ u)l.wo .)l?u] 9 alé) Lg‘/u Sk 9 (4RI ) Lg[bu] é’LuO
.(2022: 165

Slginn) g A0
A a8 ol Glonzmy loanld wuly & 3980 2lioble (5S & prie Sbly 5 Kis 3ble 3 (yej e )5S
@ oloy (b > a8 Wil panwsST (5953 9 (Sgp Jelge Ll oo layusie (] g 0 2ol il (sl yuite LS (on y
8509t ) (26 Bdes a5 o3 (slaams 1o ol iliseo bl )3 (e) Cuni B sloB)l5 Jlglyd 4 i lioe 52
5 CuoS olyed & (o) Cunmiind lajlme (yp Sogpd ol iagh 3 al iejpi ool digyn cullby g



rvy O1R0 g (oo | Ol AP 1 o] 892 035l 43 o Conciiig 8 7 i ylero (655 p iy b (o j o ety (G0 (S Sy

g el il Bl b 0063l a5 IMDPA ol Juo 5l oalitul L (300 oo <058 (35S 53 (sipoje ol CsdeS
A ools L ol ol B9 035L 3 Lol Jae dawgi b S0

o e L5 4 60L5 d9d b bl _a 5 Canl Jy55 0 a5 ablS 5 IMDPA sl Jus sl ol gl
Sb S plgie @ 5 b 4 g 15 S8 ploj Jsb 53 okl g 9 (Jadll Cundg cadllan )90 8390000 )3 39240
Bblie 3 eadapulons 0y 58 ©AD Sl @S duglie 358 edlitul SujelsST 5 (b bl 5 SleM]
ol (¥ 5 ) sonylies) IMDPAS &sibaswsss Juo o IMDPA Lol Jus  Joiidio o 93 5l eslitsl b Caniiig (5l
aS oad WM guo)d XY )38l 4 e diBldnwgs S 1 oolaiil b o o o y50 ol (sla wMS Sl s duoys ol
9 5959l «Sad &by 300 lrojes 0 ainli8l Glpss i (peiored (Cowl 0 4 bwgie (ol ‘_ﬂ Joyd VY
sl 555 o psS

SlapiacwsST )3 ajw )58 Cosl Jlo ) Canig)d o5 cily ledl Glgie ol (iagh @l 4 dg L
Wlgiee weipe a5 zpah D95 (e) Camdind ge Mo 353 & Gl (nainj Sl ofagh (ol @bie
55 lod Linll g Cogby Lis 5 S LUlg ials coge 4 398 B olawd 5 LSopd Sluogas > i sl
255l S8 (e Conndig b Gl 4 55 ggd9e (nl 5 298

iare balpd g5 4 Algs oo o) Cumdin g (pejpw )P B 9 e odlal o sloal Gl i
(ol b d9r90 @lio p jiier Sl g silal o 2lee 4 Slgice 395 digh 4 &5 gl e (oo polg>
S e Sl sl ohen o5 Wb 485 Jlas )3 Blen g Jlite By 93 lyie o Al5 oo (o) Cumdin B g ey 05T
29 phdl galr 5 42 LSyl & o L ablie

PR 95w ol 908 g S Lo Gl SE el el en (Sl 4 orie Cadig b
U RS0 (o) ot b e polil (ul g NS SaS (0 0 )55 (53518 & Wi Jalse () dan oS 3550 p3 e
Jos (oosl8l Cliasss 5 (njy )5 RIS 5 s i Jole Sy plgis 4 Wl oo S )l Canj Loy uione
al Gygpi ol e b ablie (clp oty cpl Copde g calis A8

Hlid cov (oylol claailobs 5l odlatul ¢ ey slac] 5l odlatul (8 Joullygiwd dupg s o pe ol yp] colalsdl
w05 She o bISe (BlS Jidg bis cax Gupde sbaly Glpl g g @)l i bls gk duold 2
u.»‘)ubb b g b yadld cabdny s dgd wiles Yy Sloladl ¢ pian g o dmogd cuiS g5l C)/Lol
sl )Kaly Bl ¢ pojpw Siolel cnr Glolis,lS bwg edlitwl cubls wlg oAb 1l yols iagh , assl asbe
Al s 1) (Sble g j98 (ool opin 5 (S Sl xSel Bua b Gl e saby) Jlesl s (ooleiuin

Spds ©ygo adllas 3)90 (saojen > (s Fblie )3 (yajpw 03T B9y Sy 9 SIS 50 e Supie a8ty
A Anlgs 039381 Mouds s WMS D959 9 i o 3 a8l colun 4 jed s & loan] )

S Pl
O e il cov cuntigd 3 SB cyys Ol e b o Slidiss 850 gubs 5l isu 5l 48,5, 51 ol
958 &lye g b IKis ladsd duwwho ) Gguas g + 1=+ A=+A=+ T+ A2 YO-AROFY 0 L « ol ] clacuss ) uejpj



\f.¥ 9o S)meb ‘w.bé).)bw 3)30 0 j g ‘,&.;Lor FvA

F

las o lé s W[o/’.u),.m Ol e slaliwgy ;5 gy (gladwle @l il Slad Lo (WWAY) o 8L ,00 5. o ¢ Sbred) (5,20
XAV (VAR

ST g 493 5l Liomw (oSS 1 oslitnl b S1B (69 Ny (w9 siodire (M) p L cotiw) g .p ¢ IS5 &3 ¢ el
XY VY (V)Y oo isluys clo ing s (b jos (Bl 1650 dallas) &b o)

o5 bl Sl Jvo jl spSepme b oo coyss byl (0FY) Al dpdy 5 .cdll ¢ dume G qsden] Ll )y (ola]
NV N Gbly oo (Q3)] - 330 €uBd 163y90 Adllae) (2lobler Jouily (2b5)) Sl Jie 9 S

s Jse 1 oolatwl b b yeejls )ou] o olioble Curndg o) (WYAA) .z oMe 5.8 ((o3lh0 s adaclon] Sz csdas]
MV XY o A g oblo piuwwsST wiigo IMDPA 4 ESAS

5 BB g ol 448 44 5 (b slo e 5 labsy (W) g e 9 p pobais]

sl Jse 5l oslaiwl b Jls olulys sliwl olioble s oLl .(\\°~\) & ke 9 & cemploplole Loy o Slaey Le c‘§,§9‘
XY VA (YR blo piiswsST wdigo MICD 4 IMDPA

» GIS 5 IMDPA _l5bly (oMol Jao 5l oolitul b guejp; of plie coyss cas obs) (MYAA) .o ((e3gmme . )Sp
AY ZFY VIV s Lo £5i6/aiST g pale . o b liol i cubd

5 2hioble laylae oo bLEl oy (VFer) b wdljzlaas 5.8 ¢ Slolw g ke & ‘L;ﬂ.\@\ L o L8 ololin; e gy
N PN ad oo libbo IMDPA - Juo 3l oslazal b (il Slles (g59dgate &1yl : W51 (6,08 puuss

b8 bl g o) (s BN g, 3l edlital b 55 b 5> Gty b dalllas (VWAY) o ¢ aliing) 5 p SLUIGT £ (g5
AYAZ WY (YY) (lass
MR RN (Y¥IVY o lul Gblo 5 fso clidzs o)

Sl b sl 0 L) yed Ol opdy g ey g Gl b5 TAY) (e g e Skl £) osex
YA VY (V5 e sislytonssT

sloojps gl Syt S oo - (So3b sl Shy 5 Casky 2 Silel €5 5098 B V) e ok 5 @l
YA SV ()Y o/

L 29X Jio 5 (S35losis gy e p SB op50 Al dwg (ITAY) LB (plidesw g p (25 5 (Sowpe SE ((So 2l
ASY ZADY (F)PA (ol g miso . opgsd il Gyd )3 oldl i leMbl Slobo I ol

Gy g ddlale ol5bly Gl sabaigy ;3 IMDPA g, (adls slalas | (0800 [(WWAA) 0 gyams 5. ] (Sl b

5 ool b olioble ©as g owejpw o055 shas oL (WAY) .z wblpel (s g .o (gt (SlungS &) ( SSaw JSlad
MY CAVY (VD o ylo] Gblo 5 gise clid (se) Gl il (23 le ddlaio 1 650 delllas) (g5l g,

35 Sl b ol b)) g ()bl sl Sloj (spm 31 odlital b opnoj Cminp oy (V) p codljellpetd 5 5 c3g)l 29,
0O YA (F)) - (55 cialodpessf sl sttnfs (75 b 169,90 dalllas) rois sla]

0539) )‘ ol l; ) d)l-\)l) Sy W9)£ d)lu:)&.mi (\\c'\) ‘0 ‘Ajﬁc_é.’gd 9T cd-\ob‘)l) ‘e ‘rDJ.a.ch:Lo) ‘u» “_,’..{l.lf.a»9)
(il doliinghy) Lo (o) Lul 5 Lils [ lBguo — yiud Cubd 16350 dalllas) (o3 (ola KiiSTy b (g)bly o 5105
YY _ oV (FF)Y

SAb dygly ladhaie Jao S Byl jelaie 4 wgllhe o owly (MYAS) iz csopmd g opp coobaid] fr qsden] LE ol
YEY VWY (Y ] oaads polio WSS Ao 3 o500k


http://deej.kashanu.ac.ir/article-1-600-fa.pdf
http://deej.kashanu.ac.ir/article-1-600-fa.pdf

rva O1R0 g (oo | Ol AP 1 o] 892 035l 43 o Conciiig 8 7 i ylero (655 p iy b (o j o ety (G0 (S Sy

ol ol&uly wlylasl z )l yos (o pasls o b jlse) /i sblo (b)) (sl Jio (AYAY) 1y c(gdgmmn 5 .2 (g L& ylolin
L ejn) ool @lio jl agyie <ty > & o) Cantind gy (MFY) 23 coa)8 5 p amliiasme £ (pallles
16390 ddlllas) gy gl gy b aligble JS lad A28 dwg 5 b)) (WAY) o e (SB35 oz WS augla fip gy S (A3
DA OVD (ENY <l bl 5 e ol (39,08 5:50) b3
e S gy 3t oS 4 o) Cuanndigyd byl (WWAA) Lo o lind g ¢ ey g, Sl Ly udde Jadls G08 cpaie Sl
FEY CXVO (Y)Y o wnkigo wlidd o) Mo 0 O] Gyl s Y wyp s Ghue glaspSojlil o (o),
-YY' - Y’V c(vﬂ)‘l; ‘JX)@U/‘{} éﬁ;/)x:)
AAY NS (VO o el (sl clo gt o bly Lolss o 515 SuiSs
AEF V¥ (Y)Y ‘u’)bj-‘-"’/’d[‘bw“}/ o bl ¢ )by puo )Ayui);) 2 S
Jeo 93 5 1S o IMDPA g, 4 5laal 5,8 wgin diaie 51500k Sy oy (VF)) w0 cduslan o ill ¢ b p wodljcul S
AEE_NOY (VNF0 (o)l podigo 5 pole . BLS iisg g malil
YYY YW (FIPA bl g mipe (Lol cubs

(oo s adlllas 5)50 B39a500) (50l (Priw SIS ST L (e g St b il (VYY) o el S0l5 0l 9 o ks
FAZYD (VW (oanshs Lo bl

ol bl $Mo 8 il (0 pueipi ol maw Gl g e Camdigyd bl (VWWAA) o o nnle 5 .l (a0 e ey
RASLWLEVY) TN

AbdelKawy, W. A. M. & Darwish, K. M. (2019). Assessment of land degradation and implications on
agricultural land in Qalyubia Governorate, Egypt. Bulletin of the National Research Centre, 43(1), 70.

Abedini, M., Ebady, E., & Ghale, E. (2022). Investigation of subsidence of Mahidasht plain of Kermanshah
province using radar interferometry method. Journal of Geography and Planning, 26(79), 220-207. (in
Persian)

Ahmadi, H., Ismailpour, Y., Moradi, A., & Gholami, H. (2018). Assessing the desertification status of Jazmurian
watershed using ESAs and IMDPA models. Desert Ecosystem Engineering Journal, Vol. 8, No. 22, 73-88.
(in Persian)

Aliero, M. M., Ismail, M. H., Alias, M. A., & Sood, A. M. (2021). Geospatial analysis of desertification
vulnerability using Mediterranean desertification and land use (MEDALUS) model in Kebbi State, Nigeria.
Applied Geomatics, 1-10.

Anjum, S. A, Wang, L. C., Xue, L. L., Saleem, M. F., Wang, G. X., & Zou, C. M. (2010). Desertification in
Pakistan: Causes, impacts and management. J. Food Agric. Environ, 8(1), 1203-1208.

Barrow, C. J. (1991). Land degradation: development and breakdown of terrestrial environments. Cambridge
University Press.

Barzegar, S. & Masoudi, M. (2018). Assessment of the severity of the destruction of underground water
resources using the IMDPA desertification correction model and GIS in the Shiraz plain of Fars province.
Environmental Science and Technology Quarterly, 21(3), 47-57. (in Persian)

Behnia, M., Zehtabian, G., Khosravi, H., Ahmadali, K., Nazari Samani, A., & Mesbahzadeh, T. (2021).
Investigating the relationship between desertification criteria and land use change and providing operational
monitoring methodology Using IMDPA. Journal of Natural Environmental Hazards, 10(29), 69-86. (in
Persian)

Bouhata, R. & Bensekhria, A. (2021). Adaptation of MEDALUS method for the analysis depicting
desertification in Oued Labiod valley (Eastern Algeria). Arabian Journal of Geosciences, 14(5), 1-12.

Cigna, F. & Tapete, D. (2021). Satellite INSAR survey of structurally-controlled land subsidence due to
groundwater exploitation in the Aguascalientes Valley, Mexico. Remote Sensing of Environment, 254,
112254,

Danladi, A. & Ray, H.H. (2014). Socio-economic effect of gully erosion on land use in Gombe Metropolis,
Gombe State, Nigeria. Journal of Geography and Regional Planning, 7(5), 97-105.



\f.¥ 9o S)Lo.{b ‘w.bé).)Lw 3)30 0 j g ‘)4:.)[0’— FA.

Dinar, A., Esteban, E., Calvo, E., Herrera, G., Teatini, P., Tomas, R., Li, Y., Ezquerro, P., & Albiac, J. (2021).
We lose ground: Global assessment of land subsidence impact extent. Science of the Total Environment, 786,
147415,

Ekhtesasi, M. & Sepehr, A. (2011). Evaluation methods and models and preparation of desertification map.
Publisher: Yazd University. (in Persian)

Emadodin, S., Shahi, V., Arekhi, S., & Agh Atabay, M. (2022). Determining the Amount of Land Subsidence in
Jajrood Alluvial Fan Using Differential Radar Interferometry Technique. Physical Geography Research,
54(2), 169-183. (in Persian)

Emadodin, S., Mohammadghasemi, M., & Ghoreishi, D. (2024). Land Subsidence Assessment due to
Groundwater Exploration by using Radar Interferometry Technique, Case Study: Fasa Plain. Geographical
Engineering of Territory, 7(4), 767-778. (in Persian)

Eneji, M., Qijie, G., Eneji, R., & Birame, B. (2010). Socio-Economic Impacts of Desertification in Nigeria.
Annals of Humanities and Development Studies, 1(2), 242-254.

Entezari Zarch, A., Ahmadi, H., Moeini, A. M., & Pazira, E. (2023). Assessment of Land Degradation Using
GLASOD and IMDPA Models (Case study: Yazd-Ardakan plain). Desert Management, 10(4), 1-20. (in
Persian)

Fattahi, M. M., Darvish, M., Javidkia, H. R., & Adnani, M. (2011). Assessment and mapping of desertification
total risk using FAO-UNEP method (case study: Qomroud watershed). Range And Desert Research, 17(4
(41)), 575-588. (in Persian)

Gichenje, H., Pinto-Correia, T., & Godinho, S. (2019). An analysis of the drivers that affect greening and
browning trends in the context of pursuing land degradation-neutrality. Remote Sensing Applications: Society
and Environment, 15, 100251.

Haji Maleki, K., Mousavi, S. R., Gorji, M., & Sarmadian, F. (2016). Mapping soil degradation based on
geopedological method and GLASOD model using GIS in east QAZVIN province. Range and Watershed
Management, 68(4), 853-867. (in Persian)

Jamour, R., Eilbeigy, M., & Morsali, M. (2019). Assessment of the land subsidence crisis and the advent of salt
water in the Minab plain aquifer. Iranian journal of Ecohydrology, 6(1), 223-238. (in Persian)

Jiang, L., Jiapaer, G., Bao, A, Li, Y., Guo, H., Zheng, G., ... & De Maeyer, P. (2019). Assessing land
degradation and quantifying its drivers in the Amudarya River delta. Ecological Indicators, 107, 105595.
Kacem, H. A., Fal, S., Karim, M., Alaoui, H. M., Rhinane, H., & Maanan, M. (2019). Application of fuzzy
analytical hierarchy process for assessment of desertification sensitive areas in North West of Morocco.

Geocarto International, 1-18.

Kaviani-Ahangar, S., Mahdavi Najafabadi, R., Zehtabian, G., Gholami, H., & Chapagain, A. K. (2021).
Qualitative and Quantitative Assessment of Water Resources and Agriculture in Sarvestan Sub-basin, the
Province of Fars. Watershed Management Research Journal, 34(3), 149-164. (in Persian)

Keramatzadeh, M., Fathi, A., & Moazed, H. (2022). Investigate the situation of desertification in south east
Ahvaz region using IMDPA model with emphasis on the criteria climate and vegetation. Irrigation Sciences
and Engineering, 45(1), 153-166. (in Persian)

Khanamani, A., Fathizad, H., Karimi, H., & Shojaei, S. (2017). Assessing desertification by using soil indices.
Arabian Journal of Geosciences, 10, 1-10.

Khani Bandani, L. & Jafari, H. (2018). Utilization of IMDPA method index criteria in zoning the intensity of
desertification in the southeast region of Zahedan. Natural Geography, 12(45), 87-105. (in Persian)

Kosmas, C. & Kairis, O. (2017). Environmental hazards methodologies for risk assessment and management.
Chapter 6 — Land desertification. IWA Publishing, London.

Lo, W., Purnomo, S. N., Dewanto, B. G., & Sarah, D. (2022). Integration of numerical models and InSAR
techniques to assess land subsidence due to excessive groundwater abstraction in the coastal and lowland
regions of semarang city. Water, 14(2), 201.

Long, R.D., Charles, A., & Stephenson, R.L. (2015). Key principles of marine ecosystembased management.
Marine Policy, 57, 53-60.

Lukic, S., Baumgertel, A., Obradovic, S., Kadovic, R., Beloica, J., Pantic, D., Miljkovic, P., & Belanovic Simic,
S. (2022). Assessment of land sensitivity to degradation using MEDALUS model-a case study of Grdelica
Gorge and Vranjska Valley (southeastern Serbia). iForest-Biogeosciences and Forestry, 15(3), 163.

Ma, K., Zhang, Y., Ruan, M., Guo, J., & Chai, T. (2019). Land subsidence in a coal mining area reduced soil
fertility and led to soil degradation in arid and semi-arid regions. International Journal of Environmental
Research and Public Health, 16(20), 29-39.

Machowski, R., Rzetala, M.A., Rzetala, M., & Solarski, M. (2016). Geomorphological and hydrological effects
of subsidence and land use change in industrial and urban areas. Land Degradation & Development, 27(7),
1740-1752.



rAl O1R0 g (oo | Ol AP 1 o] 892 035l 43 o Conciiig 8 7 i ylero (655 p iy b (o j o ety (G0 (S Sy

Masoudi, R., Zahtabian, G., Ahmadi, H., & Khaleghi Sigaroudi, S. (2014). Evaluation of desertification based on
two criteria of water and climate (case study: Kashan Plain). Pasture and watershed scientific-research
journal, 68(4), 711-723. (in Persian)

Nazmfar, H. & Khrjan, S. (2022). Surface subsidence monitoring with radar interference technique (study area:
Meshgin plain). Journal of Natural Environmental Hazards, 11(31), 25-48. (in Persian)

Nikpour, N., Fotoohi, S., Hosseini, S. Z., Negaresh, H., & Bahrami, S. (2022). An assessment of land
degradation and its effects on geomorphology using LADA model: a case study of llam Province, west of
Iran. Environmental Earth Sciences, 81(10), 1-25.

Nkonya, E., Gerber, N., Baumgartner, P., von Braun, J., De Pinto, A., Graw, V., Kato, E., Kloos, J., & Walter, T.
(2011). The economics of land degradation: toward an integrated global assessment. Development
economics and policy series: Peter Lang GmbH, Frankfurt. Vol. 66.

Ownegh, M., Ramezani, N., Salman Mahini, A., & Sepehr, A. (2020). Assessing desertification hazards in north
khorasan province via MICD and IMDPA models. Desert Ecosystem Engineering Journal, 9(26), 29-42. (in
Persian)

Okpara, U. T., Stringer, L. C., Akhtar-Schuster, M., Metternicht, G. 1., Dallimer, M., & Requier-Desjardins, M.
(2018). A social-ecological systems approach is necessary to achieve land degradation neutrality.
Environmental science & policy, 89, 59-66.

Peng, M., Lu, Z., Zhao, C., Motagh, M., Bai, L., Conway, B. D., & Chen, H. (2022). Mapping land subsidence
and aquifer system properties of the Willcox Basin, Arizona, from InNSAR observations and independent
component analysis. Remote Sensing of Environment, 271, 112894,

rr deceee,,, Ptt,,,,,, , ,aauuecc, ,,, IIT000€,, .., aacccc, .. , & Sii,,, .. (... .. ttad sssssss ttt ff aadd
sensitivity to degradation across Romania. A quantitative approach based on the modified MEDALUS
methodology. Catena, 187, 104407.

Radda, I. A., Kumar, B. M., & Pathak, P. (2021). Land degradation in Bihar, India: an assessment using rain-use
efficiency and residual trend analysis. Agricultural Research, 10(3), 434-447.

Ranjbar Barough, Z. & Fathallahzadeh, M. (2022). Investigation of land subsidence, using time series of radar
images and its relationship with groundwater level changes (Case study: Karaj metropolis). Quantitative
Geomorphological Research, 10(4), 138-155. (in Persian)

Raygani, B., Zahtabian, G., & Brati, S. (2012). A critique on the Iranian model of desertification potential
assessment (IMDPA). Applied Ecology, 2(4), 73-99. (in Persian)

Raushi, S., Rezaei Moghadam, M., Yarahamdi, J., & Najafond, S. (2022). Detection of subsidence for earth
stability using radar interferometric method with permanent scatterers (case study: Shabster-Sofian Plain).
Geography and Environmental Sustainability (Geographic Research), 12(44), 57-74. (in Persian)

Rezaei, M. A., Nikoo, S., & Kaboli, S. H. (2023). Investigating the effects of desertification on socio-economic
status of rural areas (Case Study: Eastern Kalatea villages of Miami). Geography and Human Relationships,
6(2), 230-256. (in Persian)

Riva, M. J., Daliakopoulos, I. N., Eckert, S., Hodel, E., & Liniger, H. (2017). Assessment of land degradation in
Mediterranean forests and grazing lands using a landscape unit approach and the normalized difference
vegetation index. Applied geography, 86, 8-21.

Salehi, F., Hafizi Moghads, N., Lashkaripour, G., & Dehghani, M. (2018). Evaluation of ground subsidence by
combining radar interferometric method and field measurements and investigating its causes and effects on
Mashhad city. Engineering Geology, 13(3), 435-463. (in Persian)

Shao, Y., Jiang, Q. O., Wang, C., Wang, M., Xiao, L., & Qi, Y. (2020). Analysis of critical land degradation and
development processes and their driving mechanism in the Heihe River Basin. Science of the Total
Environment, 716, 137082.

Silakhori, E. (2015). Mapping of desertification hazard intensity based on soil index using ESAs methodology in
Mazinan of Sabzevar. Journal of Emergency Management, 3(2), 57-63.

Sun, B, Li, Z., Gao, Z., Guo, Z., Wang, B., Hu, X., & Bai, L. (2017). Grassland degradation and restoration
monitoring and driving forces analysis based on long time-series remote sensing data in Xilin Gol League.
Acta Ecologica Sinica, 37(4), 219-228.

Tang, W., Zhao, X., Motagh, M., Bi, G., Li, J., Chen, M., ... & Liao, M. (2022). Land subsidence and rebound in
the Taiyuan basin, northern China, in the context of inter-basin water transfer and groundwater management.
Remote Sensing of Environment, 269, 112792.

Tavakoli, M., Nourinejad, S., & Rostaminia, M. (2017). Evaluation and comparison of ICD and ESAs models
for desertification zonation in Mehran plain, llam. Range and Desert Research, 24(4), 853-869. (in Persian)

Tiwari, N. D. & Mishra, D. (2022). Geospatial analysis of land degradation by fuzzy membership algorithm in
reference to Satna river basin in northern foreland of Peninsular India. Arabian Journal of Geosciences,
15(12), 1-23.



\f.¥ 9o S)Lo.{b ‘w.bé).)Lw 3)30 0 j g ‘)4:.)[0’— FAY

Torani, M., Agh-Atabai, M., & Raushi, M. (2017). Subsidence study in Gorgan using radar interferometric
method. Geographical analysis of space, 8(27), 117-128. (in Persian)

United Nations Convention to Combat Desertification (1994). United nations convention to combat
desertification in countries experiencing serious drought and/or desertification, particularly in Africa. A/AC,
241-27, Paris, 234p.

Uzuner, C. & Dengiz, O. (2020). Desertification risk assessment in Turkey based on environmentally sensitive
areas. Ecological Indicators, 114, 106295.

Yamani, M., Najafi, A., & Abedini, M. (2009). The relationship between ground subsidence and groundwater
level drop in the Qara Balag plain of Fars province. Geography, 3(8-9), 9-27. (in Persian)

Zalibekov, Z. G., Mamaev, S. A., Biarslanov, A. B., Magomedov, R. A., Asgerova, D. B., & Galimova, U. M.
(2019). The use of fresh groundwater from arid regions of the world in the fight against land desertification.
Arid ecosystems, 9, 77-84.

Zehtabian, G., Ahmadi, H. M.R., & Khosravi, H. (2007). Recalibration of the Medalos model in order to provide
a regional model for estimating the intensity of desertification in Kashan region. Natural Resources of Iran,
60 (3), 727-744. (in Persian)

Zehtabian, G., Khosravi, H., & Masoudi, R. (2013). Desertification assessment models (criteria and indicators).
Tehran: University of Tehran. (in Persian)

Zou, T. & Yoshino, K. (2017). Environmental vulnerability evaluation using spatial principal components
rrr ittt tt Daaaaaaaaaad iiii iiiii iaa. Ecological Indicators, 78, 405-415



